MAR. 18. 201.0 1:54PM (2) -F1SH&RICHAROSON_6175428906' 



NO. 3544 — P. 120' 



(19) 



(12) 



J 



Paten tamt 

PAtent OfflKj 
Offlca eurepAcn 



(11) EP1 546 682 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent; 
21.01^009 Bulletin 200d/04 

(21) Application number 03748331.0 

(22) Date of filing: 22.09^3 



(51) Intel.: 

(86) International application number: 
PCT/GB2003/004153 

(87) Intemational publication number: 

WO 2DO4/027396 (01.04^004 Gazette 2004/14) 



(54) BIOCHEMICAL SENSOR WITH THERMOELASTIC PROBES 

BIOCHEIVIISCHER SENSOR MITTHERMOEU\STiSCHEN SONDEN 
CAPTEUR BIOCHIMIQUE AVEC DETEOTEURS THERMOELASTIQUES 



(84) Designated Contracting States: 

AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 
HU IE IT U LU MC NL PT RO SE SI SK TR 

(30) Priority: 21.09.2002 GB 0221966 

(43) Date of publication of application: 
29.08.2005 Bulletin 2005/28 

(73) Proprietor: Sonoptix (UK) Limited 
London EC4A1JP(GB) 



m 



to 
liJ 



(72) Inventor SINDI, Hayat 

Cambridge CB3 8SX (GB) 

(74) Representative: Chang, Raymond Julian 
Potter Clarkson LLP 
Park View House 
58 The Ropewalk 
Nottingham 
NG1 5DD<GB) 



(56) References cited: 
EP-^. 0 389 176 
US-A-4513a84 



WO-A-03/042889 
US-A.4 679 946 



Note: Within nine months of the publication of the mention of the grant of the European patent In the European Patent 
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, In accordance with the 
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been 
paid. (Art. 99(1) European Patent Convention). 



Pdnted jouv«, 7600i Paris (fr) 



03/18/2010 THU 13:43 [TX/RX NO 8347] I2|120 



MAR, 18.201 0 1:54PM (2) -FISH&RICHAR08ONJ 1 75428906 



m 3544 — P. 121 



1 EP 1 546682 61 2 



Description 

[0001 J The present Invention relates lo a transducer 
sensor device, arxJ in particular \o an array of such de- 
vices that can be used in the analysis gf molecular struc- 
tures, e.g. of bio-chemicals. 

[0002] For the efficient analysis and investigation of 
bio-chemical molecular structures, such as that which 
occurs during DNA sequencing, there Is a strong demand 
for analytical tools that enable the use of hundreds or 
even thousands of molecular probes substantially simul- 
taneously. 

[0003] One way of achieving this is to provide a sub- 
strate with a large number of different probe molecules 
bound to its surface in an array. Each probe molecule is 
adapted to bind with a selected target molecule in a sam- 
ple under analysis. The sample is first provided with suit- 
able fluorescent markers prior to exposure to the array 
of probe molecules. After exposure of the sample to the 
array, provided that the location and identity of each dif- 
ferent probe molecule in the array is l<nown. analysis of 
the sample is possible using a confocal microscope to 
identify array positions in which fluorescence indicates 
the presence of a sample molecule bound to the respec- 
tive probe molecule. 

[0004] Typically the probe molecules are oligonucle- 
otides and the sample under analysis is a QNA sequence. 
Using such fluorescent techniques relatively high probe 
densities are possible. 

[0005] A disadvantage of such techniques is that the 
sample must be pre-lreated with fluorescent markers to 
allow for fluorescence detection after e)Cpo$ure to the 
probe array. A further disadvantage is that microscope 
imaging systems can be costly and Inconvenient for rapid 
analysis. 

[0006] Surface ptasmon resonance (SPR) is based on 
an optical phenomenon that occurs in a thin metal film 
at an optical interface under conditions of total internal 
reflection. Conventional SPR sensors use a prism *de- 
vice' coated with a singie thin metal layer Any chemical 
adsorption to the outer surface of the metal layer or to 
an immobilised antibody or ligand on the outer surface 
of the metal layer leads to interfaclal changes in the re- 
fractive index of the film. By directing a light beam into 
the prism, it is possible to measure the reflected light as 
a function of Intensity and angle, to produce the well 
known SPR resonance spectrum. In a recent extension 
of this concept (US Patent 6,373.577) planar waveguide 
elements coated with a thin metal film are organised as 
a linear array of elements in which SPR can be separately 
generated. 

[0007] Another way of blo-chemical testing is de- 
scribed In EP0369176, wherein a photoacoustic cell de- 
tects the thermoelasdc response of a solid probe mate- 
rial. Tatsuma et al, in "Multichannel Quartz Crystal Mi- 
crobalance", Analytical Chemistry, Vol. 71, No, 17. Sep- 
tember 1 , 1 999, disclose an'ays of quartz crystal resona- 
tors fabricated on a single quartz wafer as a multichannel 



quartz crystal microbalance. A mass change on each res- 
onator is evaluated on the basis of Sauerbre/s law, using 
changes In electrical impedance measurenr^ents. 
[0008] The present invention provides an apparatus 

5 according to claim 1 and a method according to claim 41 . 
[0009] By means of this Invention very small probes 
can be used and in consequence attachment of even a 
small amount of sample to the probe will cause a rela- 
tively great change in the properties of the probe and 

10 thus provide a high degree of sensitivity. 

[001 0) Embodiments of the present invention will now 
be described by way of example with reference to the 
accompanying drawings, In which like numerals denote 
like parts, and: 

15 

Figure 1 is a schematic diagram illustrating the prin- 
ciples of the present invention; 
Rgure2 is a schematic diagram of af irstembodimem 
of the Invention using a laser based excitation sys- 

20 tern and an optical detection system: 

Figure d Is a schematic diagram illustrating a further 
embodiment of the invention using a laser based ex- 
citation system and a piezoelectric detection system: 
Figure 4 fs a schematic diagram illustrating a further 

2S embodiment of the invention using a laser based ex- 
citation eyatem and a thin film transducer detection 
system; 

Figures 5A. 5B, 5C and 5D are schematic diagrams 
showing four different excitation and detection sys- 
30 terns illustrating detection In both time and frequency 
domains; 

Figures 6A. 6B and 6C are illustrations of typical ther- 
moelastic response wave forms using the excitation 
and detection systems of Figure 50; and 
35 Figures 7A, 7B and 70 illustrate the response of the 
system of Figure 50 to various reactions. 

[001 1] With reference to Figure 1 , a transducer appa- 
ratus 1 tor detecting spatially localised variations in ma- 
^ terial binding to a substrate Is shown. A substrate 10, 
preferably formed from glass or similar material, has one 
or more thermoelastlc sensing thin film stmctures 1 1 at- 
tached to the top surface 12 of the substrate in a con- 
veniently configured array. Each of the sensing stmc- 
tures 1 1 has probe material 13 attached to the exposed 
upper surface of the thermoelaslic thin film structures. 
The thin film structures will hereinafter be referred to as 
probe structures. 

[0012] Preferably the probe structures 11 comprise 
so dots or spots of any suitable shape having a surface area 
of approximately 10^ to 10-^ square centimetres. In a 
preferred embodiment the probe material comprises an 
oligonucleotide adapted to bind with specific DNA frag- 
ments. Each probe structure, or group of probe struc- 
55 tures, has different oligonucleotide probe materials 
bound thereto. 

[001 3] In thie present embodiment, the substrate 1 0 is 
optically transparent, and positioned beneath it is an op- 
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ti'cal sourcQ 1 4, e.g. a O-swjtched laser, for delivering an 
excrtatlon signal to the probe structure through the thick- 
ness of the substrate. Together with the optical source 
is an optical detection system 15 for detecting modula- 
tions in optical radiation reflected or returned from the $ 
probe structures. The excitation and detection systems 
are displaceable relative to the substrate, preferably In a 
plane substantially parallel to tfie substrate, and option- 
ally also relative to each other, to enable scanning of the 
aray. 

[0014] Asample 16 comprising a plurality of fragments 
17, e.g. DNA fragments in a buffer solution, is brought 
Into contact with the top surface 1 2 of the substrate where 
specific fragments 17 bind with specific probe material 
1 d. The binding of the sample 16,17 with the probe ma- 
terial 13 of specific probe structures 11 results in a 
change in the characteristics of the thermoelastic re- 
sponse induced in the probe stmctures and this change 
is detected using the excitation and detection systems 
14,15. 

(Excitation antf detection 

[001 S] With reference to Figure 2 a preferred arrange- 
ment of excitation and detection system will now be de* 
scribed. 

[0016] A laser source 14 delivers an excitation beam 
20 of suitable wavelength (e.g. 1 056 nm) to a beam split- 
ter 21 . A first portion 20a of the excitation beam is trans- 
mitted by the beam splitter 21 to the substrate 10, and a 
second portion 20b Is dissipated at the detection system 
1 6. The first portion 20a of the excitation beam impinges 
on the substrate 10, is transmitted through the substrate 
and directed onto a selected probe structure 1 1 . 
[0017] A detection beam 23, from a continuous, low 
powered laser source 22 is also directed to the beam 
splitter 21. A first portion 23 a of the detection beam is 
reflected by the beam splitter to the substrate 1 0 where 
it is reflected from the probe structure and deflected to 
The detection system 15 as an Interference beam 23b, A 
second portion 23c of the detection beam is transmitted 
to the detection system directly as a reference beam. 
Interference between the two detection beam paths 23b 
and 23c occurs and this interference is detected by the 
detection system 16. The detection beam 23b is prefer- 
ably broader than the probe stnjcture so that it can detect 
excitation over the whole of the probe structure. 
[0018] In this exemplary embodiment the probe struc- 
ture 1 1 preferably comprises a metal film of thickness 
approximately 10 to 500 nm (and more preferably 10 to 
100 nm). and having a diameter of approximately 1 to 
100 M-m, Alternatively the individual probe stmctures may 
be defined within a continuous film with the probe area 
effectively defined by the excitation beam area. 
[0019] The probe stmcture may be formed from any 
suitable metallic or other materials that provides the req- 
uisite thermoelaslic properties, and which permits bind- 
ing of suitable probe materials thereto, or chemical mod- 



ification For attachment of suitable probe materials. Pre- 
ferred for ease of chemical attachment is gold, and for 
its thermoelastic properties is aluminium. Other suitable 
materials include silver, titanium, copper, tungsten and 
polymeric materials, 

[0020] A proportion of the excitation beam 20a is ab- 
sorbed by the probe structure 1 1 causing a thermoelastic 
volume change in the probe stmcture. This volume 
change results in one or more of a change In the thick- 
ness, area or position of the probe structure 1 1 . For ex- 
ample, the excitation beam produces longitudinal waves 
in the probe stnjcture 1 1 driven by localised heating of 
the metal. 

[0021] In a preferred arrangement, the power density 
of excitation beam failing onto the substrate is of the order 
of 3 X lO^^ W.m-2 and this power density yields a maxi- 
mum strain on the probe stnjcture of about 2%, le, the 
width or thickness of the thermoelaslic film increases by 
this amount. Generally, the minimum power density re- 
quired of the excitation beam will depend upon the min- 
imum themfK)elastic response measurable by the detec- 
tion apparatus. In a present embodiment, this minimum 
power density of excitation beam would be of the order 
of 3x IQS W.m-2 

[0022] The interferometer formed from the combina- 
tion of a. the beam 23a that is reflected off the probe 
structure 11 as beam 23b, with b. the reference beam 
23c operates between the short duration pulses of the 
excitation beam. The thermoelastic change in dimension 
of the probe structure results in a con'esponding ampli- 
tude, phase and phase angle variation at the photodiode 
detector 1 5. The position and expansion of the probe 
stmcture 11 is a function of the probe material bound 
thereto (and/or of any sample material which is attached 
to the probe material). 

[0023] The result is that ihe amplitude, phase and 
phase angle of the response to excitation measured at 
the photodiode 1 5 is directly related to the quantity of 
material bound to the probe stmcture 13, Similariy any 
storage of energy in the probe structure results In vibra- 
tional, e.g. acoustic, resonance, thai decays with time 
and, to a first approximation, is inversely proportional to 
the quantity of material bound to the probe structure 13, 
as will be shown later In Figure 6. 
[0024] In general temis the themnoelastic response of 
the probe stnjcture dueto the electromagnetic, e.g. laser, 
excitation results in a change in how the probe structure 
reflects light. Changes in the thermal response will occur 
as a function of any changes that occur to the physical 
and/or chemical properties of the material bound to the 
surface of the probe structure, which can be detected by 
the detection system 15. if the excitation response is in- 
itially measured for the probe structure with the probe 
material 13 bound thereto (calibration data), and is then 
re-measured after exposure of the probe material to the 
sample 1 6 (sample data) any changes to the physical 
and/or chemical properties of the material (e.g. any frag- 
ments 17) binding to the surface of the probe stmcture 
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will be indicated, e.g. quantitatively, by the magnitude of 
change in the thermal response. For certain analytical 
purposes a qualitative response may be sufficient. 
[0025] The data for sample 16 is acquired by the dif- 
ference between the calibration data and the sample da- 
ta. Fast analogue to digital converters (for exampfe, a 
transient recorder 25 such as a digitising oscilloscope) 
translate this information into a series of digital wave- 
forms for analysis by available software. Racortiing and 
storing data from the interactions of known probe mate- 
rials on the probe structures with known fragments in a 
sample enables the rapid identification of such fragments 
in samples of unknown composition. An advantage of a 
wideband waveform acquisition system, e.g. an oscillo- 
scope, is that the time domain signal is a full record of 
the excitation from its Initial motion to its eventual relax- 
ation. Where a less detailed emission response Is re- 
quired it is possible to use a low frequency synchronous 
approach, e.g. a lock-in amplifier which is simple Infomi 
and does not require radio frequency components. 
[0026] Those skilled in the art will recognise that the 
thermoelaetic response may be measured in a number 
of ways. 

[0027] The excitation energy of the laser 1 4 may be in 
the fomi of a single pulse (e.g. v\rhere only qualitative 
data is required), or a series of pulses (e.g. where quan- 
titative data Is required). For each pulse the induced 
• stress response of the probe stmcture to the rising edge 
of the excitation pulse may be analysedf romthe received 
signal and displayed on an oscilloscope (not shown). 
[0028] Altematively the Q-swiiching rate of the excita- 
tion laser may be used to synchronise a lock-in amplifier 
in order to provide an enhanced signal to noise ratio. 
[0029] with reference to Figure 3 an alternative em- 
bodiment of probe stnjcture, excitation system and de- 
tection system will now be described, in this arrangement 
each probe structure 30 Is fonried in a continuous thin 
film 32 of electrically conductive, thermoelastic material 
on top of a dielectric, optically transparent substrate 31. 
The thin film 32 can provide an upper electrode of a pi- 
ezoelectric transducer. Preferably the optically transpar- 
ent substrate is quartz. 

[0030] In a preferred arrangement, a lower electrode 
34, formed on the lower surface of the substrate 31 is an 
optionally apertured entrant electrode which provides ac- 
cess for an excitation beam 20 to the probe stnjcture 30. 
The entrant electrode comprises a film of suitable elec- 
trically conductive materiaJ to provide a ground plane and 
thereby reduce external electromagnetic interference. 
The size of the probe stnicture 30 may therefore be ef- 
fectively determined by the dimension of the excitation 
beam 20. If the entrant electrode is formed from an op- 
tically transparent electrically conducting material, e.g. 
an indium/tin oxide composition, then no aperture need 
be fomied. 

[0031 ] The electromagnetic excitation beam 20 In this 
instance comprises an optical t>eam generated by a Q- 
switched laser 1 4 and is preferably of the order of 1 0 to 



100 fim wide. The probe stmcture 30 responds to inci- 
dence of the optical excitation beam by thermoelastic 
volume changes therein according to the Intensity and 
location of the beam. This produces a vibrational, e.g. an 
s acoustic, response rn the probe structure 30 which in- 
duces rnovemem in the adjacent piezoelectric substrate 
31 and thereby produces a signal current 35. 
[0032] The result is that vibration induced in the pn^be 
8tructure30 is coupled into the substrate 31 . A wide range 
of frequencies Is generated as a high frequency current. 
[0033] It will be understood that in this embodiment the 
thennoelastic response of the probe stmcture 30 due to 
laser excitation results in a modulation of the electronic 
properties of the probe structure, e.g. it will drive the ther- 
moelastic excitation response. Changes in this thermoe- 
lastic response will occur as a function of any changes 
that occur to the physical and/or chemical properties of 
the material binding to the surface of the probe stmcture, 
which can be detected by an electrically based detection 
system, rather than an optically based detection system. 
[0034] The frequency and amplitude of the acoustic 
wave in the prot^ structure and thus of the induced signal 
current, Is a function of the physical and/or chemical prop- 
erties of material 33 bound to the surface of the probe 
structure 30. Thus, if the mass or other physical and/or 
chemical properties of the material 33 bound to the sur- 
face of the probe structure 30 changes, a consequent 
change in the amplitude and frequency of the current 35 
is observed. As described below this can be monitorsd 
on an oscilloscope. Figure 6A shows the thermoelastic 
response signals including the initial response when the 
excitation laser beam strikes the probe structure. Figure 
6B Indicates the decay of the stored acoustic energy in 
the probe stmcture, while Figure 6C Is the Fourier Trans- 
form of the received thermoelastic response signal indi- 
cating the various frequency components that are stim- 
ulated. 

[OOas] Changes that occur to the physical and/or 
chemical properties of the material bound to the probe 
stmcture can be detected by the detection system 15. If 
the excitation response is initially measured forthe probe 
stmcture with the pn^be material 33 bound thereto, and 
is then measured again after exposure of the probe ma- 
terial to the sample 16, any changes to the physical 
and/or chemical properties of the nf)aterial binding to the 
surface of the probe stmcture will be indicated, e.g. quan- 
titatively, by the magnitude of change in the excitation 
response. 

[0036] With reference to Figure 4 an alternative em- 
bodiment of the probe stmcture. excitation system and 
detection system will now be described. Ukethe arrange- 
ment of Figure 3 this embodiment also generates an elec- 
trical response to the excitation beam. In this an^nge- 
ment the probe stmcture 40 is formed on a thin optically 
transparent substrate 1 0. The probe stmcture is a layered 
stmcture comprising an electnxie 40a formed on the sub- 
strate, a transduction film 40b fonned thereon, and an 
adhesion coating 40c on top; the coating 40o being such 
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as to facilitate t)inding of probe material 44 thereto. 
[0037] The optrcal excflation beam 20, 20a In this in- 
stance (and some olher instances) may alternatively t>e 
directed from above rhe substrate, shown ar 14a. The 
excitation beam 20, 20a is directed onto the probe struc- 
ture 40. and the resulting thermoelastic response of the 
transduction film 40b generates a detectable electrlcai 
output via the electrode 40a. 

[0038] An acoustic emission by the probe struclu re can 
be detected by the electrode, e.g. a metal film electrode, 
40a. 

[0039] In common with the system of Figure 2 the 
acoustic emission response of the probe structures ver- 
ies as a function of the physical and/or chemical proper- 
ties of the material binding to the surface of the probe 
structure. If the mass bound to the surface of the probe 
structure increases a changed, usually a greater, emis- 
sion response is observed. 

[0040] In the preferred embodiments, the transducer 
element provides tor a direct electrical pickup of signal 
current therefrom. In an alternative embodiment the sig- 
nal pickup could be remote, e.g. by electromagnetic in- 
duction. For example the piezoelectric transducer can 
provide an electromagnetic signal that can be detected 
remotely by suitable antennae according to known prin- 
ciples. 

[0041] Altemativety, charge emission can be detected 
by the electro-optical effect (Kerr, Pockels or Faraday) 
of an appropriate transduction film, which will change its 
refractive Index and would be detectable as an optical 
signal according to known techniques. 
[0042] With reference to Figures 5A to 5D four alter- 
native an-angements of excltab'on and detection systems 
are described. 

[0043] Figure 5A shows a digital oscilloscope detec- 
tion system. This Is the preferred system for the probe 
structures of Figure 2 as it can track precise dimensional 
or positional changes in the probe structure. The excita- 
tion beam 20 Is generated using a Q-switched laser 14 
producing either single emissions or being self-modulat- 
ed at frequencies of several, e.g. 10 to 200, kHz accord- 
ing to well known techniques. 
[0044] Thedetecllon (interference) l5eam23b Isdirect- 
ed to an optical detection system 15 comprising a pho- 
todlode 52, a preamplifier 53 and a digitising oscilloscope 
54 which is triggered by an optical detector 61 adjacent 
to the Q-switched laser and optically coupled thereto by 
a beam splitter 60. 

[0045] The excitation t)eam 20 can be modulated by 
signals of up to several kHz, e.g. 10 to 200 kHz. The 
probe structure 1 1 is exposed to the pulsed excitation 
beam 20 and increases in volume, e.g. by between about 
0.1% and 10%. This leads to a change in phase and 
intensity in ttie detection beam 23b due to changes, e.g. 
interference. In the optical path, and In the beam area, 
this latter as a result of a change in the size of the probe 
stoicture. Typically, the acceleration of the lateral move- 
ment In the probe structure 1 1 is detectable from inter>$ity 



changes in the detection beam 23b and corresponds to 
a mass change of material bound to the probe structure. 
Mass changes in the range 1 0"^* to lO'^o may be detect- 
able in prefen-ed embodiments. In addition reflection at 

^ the boundaries of the probe structure leads to a charac- 
teristic resonant decay that typically has a frequency of 
between 20 f^Hz and 200 MHz and a decay constant of 
between 10^ and 10^ s'"". Any change of the material 
bound to the probe structure 1 1 changes the form of the 

w decay. 

[0046] It will be understood that the digitising oscillo- 
scope may communicate the results with a suitable au- 
tomated digital storage and processing system (not 
shown) for rapid assessment of many excitation respons- 
es es from different probe structures on the substrate. 
[0047] Figure SB shows a lock-in amplifier detection 
syetem 58 also suited to the probe structures of Figure 
2, Most components are similar to those described with 
^ reference to Figure 5A as indicated by the common ref- 

^0 ' erence numerals, with the addition of the digital filter 62, 
which acts to reduce noise- In this case however the re- 
peating output of a O-switched laser 14 is used as a 10 
to 200 kHz reference signal. The filter frequency Is se- 
lected to the appropriate acoustic emission frequency of 

^ the probe structure in order to optimise the signal to noise 
ratio of the detection signal. The response frequency typ- 
ically lies in the range 1 to 2000 MHz and deviates by a 
maximum of 1 0% when fragments 1 7 are adsortjed onto 
the probe structure 1 1 . 

30 [0048] Figure 5C shows an oscilloscope detection sys* 
tern 38 particularly adapted to the probe structures of 
Figure 3 for direct detection of the thermoelastic re- 
sponse from the output signal current 35. in this system 
the Q-swItched laser 14 produces the trigger signal (at 

35 optical detector 6 1 ) for the oscilloscope 36. The electrical 
detection signal (output signal 35) of the probe structure 
30 is applied to the oscilloscope via preamplifier 53. The 
Fourier transform of the output signal produced by the 
pulsed faser 1 4 is used to determine more detailed char- 

^ acteristics of the fragments 1 7. 

[0049] After adsorption of fragments 1 7 onto the probe 
material 13, changes in the frequency and time decay 
can be observed, and these changes can t>e used to 
evaluate the fragments 17 adsortjed on the probe stmc- 

4S ture, and herice the sample 16. 

[0050] Figure 5D shows an alternative synchronisation 
detection system that substantially filters the electrical 
emission signal 35 from the background noise using a 
digital filter 62. This eliminates noise from unwanted fre- 

so quency ranges and allows higher gain amplification. The 
system coherently Integrates the emission signal 35 from 
the transducer, averaging extraneous signals to zero. 
[0051] In all the embodiments of figures 5A, 5B, 5C 
and 5D typical signal voltage outputs are in the range 

ss 1 0fvV to 1 0Of* V and offer sufficient sensitivity to detect, 
tor example probe structure mass changes of 10~^^ to 
lO'-iOg. 

[0052] An example of the electrical detection signal re- 
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C9ived from the etectrode by the oscilloscope is ehown 
in Figure 8. Figure 6A Illustrates the excitation response 
of the probe structure to a pulsed excitation beam. The 
slope indicated at 70 provides a measure of ths thermoe- 
lastic acceleration of the probe structures. Figure 6B il* 
lustrates the excitation response of the probe structure 
to a single pulse excitation. The decay profile 71 provides 
a measure of the ihermoelastic energy stored and re- 
leased by the probe stnjcture. Figure 6C illustrates the 
frequency spectrum 64 of the excitation response of the 
probe structure. 

[0053] An exemplary characteristic response of the 
changes in thennoelastic response (vibration) of the 
probe structure before and after exposure to sucrose so- 
lutions Is shown In Figure 7A. 
[0054] The effect of protein binding is shown in Figu re 
7B and the effect of hybridisation of polynucleoddes Is 
shown in Figure 7C. 

[0059] The results shown in Figure 7 were obtained at 
25 "C using a 100 nm aluminium thermoelastic layer on 
a quartz substrate. The sucrose was dissolved in distilled 
water, and the protein and DNA solutions in PBS at pH 
6.2. In Figures 79 and 7C Protein A and Poly C are used 
as tho prdbe materials. 

[0056] The upper curves are the time domain respons- 
es and the lower curves are the frequency domain re- 
sponses. Significant changes in response are observed 
following these Interface reactions. 

Sample delivery 

[0057] Application of the sarnple to the probe stnjc- 
tures may be achieved In a number of different ways. For 
DNA analysis the DNA sample may be extracted from 
whole blood. Separation of the DNA is carried out by 
dielectrophoretrc field, which trartsports the cells to a con- 
tact electrode. An AC signal from 1 to 10 MHz source is 
applied to the contact electrode to provide a transport 
force. This removes the need for centrifuging the sample 
to separate the cells. With the cells at the electrode a 
voltage pulse is applied to lyse the cells breaking through 
the membrane and releasing the cell contents. Excision 
enzymes are used to cleave the genomic DNA strands 
to make sequenceable lengths similar to the length of an 
oligonudeotide on the probe structure. Temperatures 
above the annealing temperature of the DNA are used 
to separate double strands and provide single strands 
for analysis. Exposure of the sample to the array of probe 
stmctures 1 1 may occur in a single step, especially for 
small array areas. We also contemplate multiple step ex- 
posure, e.g. by pipetting the sample onto each probe 
structure. 

Coupling chemistries 

[0058] Probe materials 1 3. 3d, 44, such as nucleic ac- 
ids can be attached to the probe structures 1 1 of the 
acoustic transducer an-ays using various suitable chenv 



10 

Istries, of which the follov/Ing is a non-exhaustive list of 
possibilities. The coupling chemistries are indicated for 
their preferred sut>strate type. 

5 1 . Avidin or streptavldin can be adsorbed to a gold 
surface* followed by oligonucleotides labelled with a 
biotin moiety which then binds irreversibly. 

2. Amino-functionalised oligomers (3' and 5') can be 
attached to a silanised glass or silicon surface using 

10 glutaraldehyde. 

3. Alkyi thiols can be attached to oligonucleotides 
and DNA. These thiols then assemble on a gold sur- 
face as an ordered monolayer film. 

4. Carboxyi-modrfied surfaces of crystalline silicon 
15 will attach to thiol modified DNA by means of elec- 
trostatic adsorptk)n of polylysine and a heterobifunc- 
tional cross-linker. 

6. Aldehyde modified DNA oligonucleotides can be 
attached to a dextran acrylamlde copolymer layer on 
20 glass, gold and silicon surfaces. 

6. Aikoxysilanessuch as aminopropyiiriethoxysiiane 
(APTES) are used to form a stable cross-linked film 
which is treated with succinic anhydride to modify 
the amino group to a carboxylic acid moiety. An ami- 
25 no acid linked nucleic acid will then bind via carbo- 
dilmide coupling. 

7. 3-mercaptopropyltnmethoxysilane (MPS) can be 
used to attach thiol modified DNA. 
8. Gfycidoxypropyl-triethoxysilane (GOPS) will also 
30 attach a thiol modified DNA with a greater distance 
between the n ucleic acid and the su rf ace of the probe 
structure or substrate. 

d. DNA/nuclefc acid can also be conjugated to a si- 
lane for direct attachment to the probe structure sur- 
55 face. 

10. Thiols attach the DNA to gold surfaces and sh 
lanes to silica surfaces. 

[0059] The techniques and apparatus described 

40 above offer very considerable advantages in terms of 
reduced cost and complexity of analysis apparatus. Well 
known thinfilm iithographicor robotic spotting techniques 
can be used to form the high density arrays of probe 
stmciures, partk^ularly on rotatabfe discs. Existing com- 

45 pact disc read/write technology can be used to provide 
the laser based excitation systems and disc access 
mechanisms for positioning the laser with respect to a 
rotating sutDstraie. fn such a system a drive means is 
provided for rotating the disc relative to an axis and an 

so indexing nDeans varies the position of the electromagnet- 
ic excitation and detection system relative to said axle, 
typically in a radial direction. 
(0080] As a result the analysis apparatus can be made 
fully portable, being only a few kilograms in weight owing 

S5 to the nature of the laser acoustic transducer. The anah 
ysis apparatus can be made largely or fully automatic 
designed for use by non-expert personnel, and does not 
require complex chemksai protocols. This provides for 
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highly reliable analysis. No special environment for use 
is required (e.g. Light- or sound-free), unlike fluorescent 
techniques, and the apparatus isfound to be substantially 
noise free, being rron-responslve to dust and optica! con- 
tannination. Only material that is bound to the probe stnjc- 
turBs is detected. 

[0061] The probe structure trar^ducers forrned on the 
substrates have been found to be sufflclentiy sensitive 
to enable detection of binding between DNA strands and 
single base-pair differences. The acoustic frequencies 
used can be adjusted to obtain further Increases in sen- 
sitivity. 

[0062] The probe structure transducer elements can 
be formed from any suitable material, particularly gold, 
silver, aJuminium, copper or tungsten^ by evaporation or 
sputtering with photolithographic patteming techniques 
well known in the semiconductor industry^ to define the 
array. 

[0063] The substrate can be fonned from any suitable 
material, e.g. soda glass, BK7 glass, borosillcate glass, 
sapphire, silica glass (vitreosil), crystalline quartz or plas- 
tics materials such as polystyrene, polycarbonate or pol- 
yethylene. 

[0064] Some applications of the systems described 
herein are in large molecule/ small molecule interactions, 
large molecule/large molecule interactions, gaseous/sol- 
id interactions, genotyping, DNA sequencing and cell ex- 
pression analysis. 

[0065] Those skilled in the art will recognise that other 
embodiments not described above are within the scope 
of the appended claims. 



Claims 

1. An apparatus for detecting a variation in a prgbe 
stnjcture (11). comprising: 

a sensor comprising a substrate (i 0) and a plu- 
rality of thin film probe structures (11) attached 
to the surface of the substrate, each probe struc- 
ture toeing adapted to undergo a thermoelastic 
response when excited by temporally varying 
electromagnetic radiation, the thennoelastic re^ 
sponse being a function of the physical and/or 
chemical properties of the probe structure and 
a sample material binding thereto; 
a source (14) of electromagnetic radiation (20); 
means (21 ) for directing the electromagnetic ra- 
diation at each probe stnjcture of the sensor; 
and 

a transducer (1 5) adapted to determine the ther- 
moelastic response of each probe structure. 

2. The apparatus of claim i wherein the sensor is In 
the form of a plate. 

3. The apparatus of claim 1 wherein the substrate (1 0) 



12 

is eleclromagneticaliy transparent. 

4. The apparatus of claim 1 wherein the substrate (31 ) 
acts as. or is part of. the transducer (30-34, 40), 

5 

5. Tfie apparatus of claim 1 wherein the substrate (10) 
is of such a thickness that it has sufficient strength 
for ease of handling, and also that it will permit the 
desired amount of electromagnetic radiation (20) to 
pass through it 

6. The apparatus of claim 5 wherein the substrate (10) 
has a thickness in the range of 0,2 to 1 .0 mm. 

IS 7. The apparatus of claim ^ wherein the sensor further 
includes a plurality of probe stmctures (30) each of 
which Is adapted to undergo a localised electrical 
response when the probe structure is excited by tem- 
porally varying electromagnetic radiation (20) and of 
so generating an electrical output response (35) con^ 
spending thereto, the characteristics of the electrical 
response being a function of the physical or chemical 
properties of the probe structure and a sample ma- 
terial binding thereto, and 
atransducer (30-34, 40) for transmitting the electrical 
response. 

0. The apparatus of claim 7 wherein different probe ma- 
terials (13) are bound to different probe structures. 

30 

9. The apparatus of claim 1 in which each probe struc- 
ture ( 1 1 ) has a substrate surface onto which is bound 
probe material (13). 

^5 1 0. The apparatus of claim g in which the substrate (1 0) 
Is a thin film. 

11. The apparatus of dalm 1 in which the plurality of 
probe structures are formed in an array. 

40 

12. The apparatus of claim i or claim 1 1 in which each 
probe structure comprises probe material (13. 16, 
1 7) which is different to that on other probe stmctures 
(11). 

13. The apparatus of claim 9 in which the probe material 
(13, 16, 17) comprises molecules of one type. 

14. The apparatus of claim 9 in which the probe material 
^ comprises a mixture of different nrK)lecul©s. 

15. The apparatus of claim 1 in which the surface of the 
substrate (10) is planar 

55 16. The apparatus of claim 1 in which the surface of the 
substrate (1 0) is curved. 

17. The apparatus of claim 1 in which the source (14) of 
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electromagnetic radiation emits radiation In the op- 
tical portion of the electromagnetic spectmm. 

18. The apparatus of claim 1 or claim 17 In which the 
source of electromagnetic radiation is a laser (1 4). 

19. The apparatus of claim 1 1n which the source (14) of 
electromagnetic radiation Is positioned so that the 
radiation impinges directly on the probe matenal 
(13.16,17). 

20. The apparatus of claim 1 in which the source (14) of 
electromagnetic radiation is positioned so that it first 
passes through a substrate (10) transparent to the 
radiation before Impinging on the probe material 
(13,16,17). 

21. The apparatus of claim 1 in which the source (14) of 
electromagnetic radiation (20) emits temporally var- 
ying electromagnetic radiation in the optical spec- 
trum. 

22. The apparatus of claim 21 In which the substrate (10) 
is formed from an optically transparent medium, and 
in which the source ( 1 4) of electromagnetic radiation 
(20) is adapted to direct said electromagnetic radia- 
tion to a lower surface of the probe structure (1 1) via 
the substrate (10). 

23. The apparatus of claim 22 in which the probe stmc- 
tures (11) are each adapted to absorb said electro- 
magnetic radiation to thereby generate a thermoe- 
lastic response In the form of a volume change within 
the structure, and in which the transducer (1 5) com- 
prises means for detecting said volume change in 
said probe stmcture (11). 

24. The apparatus of claim 23 in which the probe struc- 
tures (11) each comprise a thin film metal spot. 

25. The apparatus of claim 23 in which thp transducer 
comprises means (15, 21) for receiving reflected 
electromagnetic energy from the selected probe 
structure. 

26. The apparatus of claim 22 in which the probe struc- 
tures (11) are each adapted to absorb said electro- 
magnetic radiation to thereby generate a thermoe- 
lastic response In the form of a lateral displacement 
of the structurSp and in which the transducer (15) 
comprises means for detecting said lateral displace- 
ment of the probe structure. 

27. The apparatus of claim 26 In which the probe struc- 
tuies each comprise a thin film dielectric material 
spot. 

26. The apparatus of claim 1 in which the probe stmc- 



to 



tures (1 1 ) include a transducer element (30-34) for 
generating an electrical output signal (35) represent- 
ative of a thermoeiastic response of said probe struc- 
tures. 

29. The apparatus of any one of claims 1 or 21 to 30 in 
which the electromagnetic excitation means com- 
prises a laser (1 4) adapted to irradiate selected ones 
of the probe stmctures (i i ) with pulsed or continuous 
wave electromagnetic radiation (20). 

30. The apparatus of claim 1 in which the transducer 
(1 5) comprises an optical interferometer (2 1 , 22, 1 5) 
for receiving a reference beam (23c) from an optical 

15 source (22), and an interference beam (23b) reflect- 
ed from the probe structure. 



31. The apparatus of claim 1 in which the transducer 
(1 5) Includes a transient recorder (25) or digitising 
oscilloscope for detemilning an amplitude and phase 
variation in thermoeiastic response signals received 
from the probe stnjctures. 
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32. The apparatus of claim 1 in which the source (1 4) of 
electromagnetic radiation (20) and the transducer 
(15) include means (21, 22, 15) for detecting a 
change In resonant frequency of a selected probe 
structure. 

33. The apparatus of claim 1 in which each probe struc- 
ture includes an entrant electrode (34) adapted to 
provide a ground plane to a lower surface of the sub- 
strate (31). 

34. The apparatus of darm 1 further including a molec- 
ular probe material (16, 17) bound to an exposed 
surface of the probe structure. 

35. The apparatus of claim 1 1n which the substrate com- 
prises a disc, and further including: 

drive means for rotating said disc relative to an 
axis; 

indexing means for varying the position of said 
electromagnetic excitation means and said de- 
tection means relative to said axis. 

36. Ttte apparatus of claim 2 in which the substrate (31) 
comprises silica. 

37. The apparatus of claim 2 in which the probe struc- 
tures each comprise a thin film metal spot 

38. The apparatus of claim 2 in which the probe struc- 
tures each comprise a thin film dielectric spot. 

39. The apparatus of claim 2 in which each pnobe stmc- 
ture further includes a transducer element (30, 40) 
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for generating an electrical output signal (35) repre- 
sentative of the thermoelastic response of eaid probe 
stnjcture. 

40. The apparatus of claim 1 in which the probe struo- 
tures are arranged in a series of generally circular 
or helical arrays on a circular disc substrate, 

41 . A method of using a transducer apparatus according 
to any one of claims 1 or 21 to 35 comprising the 
steps of: 

providing a plurality of probe materials respec- 
tively attached to a plurality of probe structures; 
exposing the probe structures to a sample ma< 
terial to permit binding of material to the surface 
of the probe structure; 

using the source (14) of electromagnetic radia- 
tion (20) to direct electromagnetic energy at the 
probe stmctures; and 

detecting changes in thermoelastic response of 
each probe structure to the electromagnetic en- 
ergy by comparing its thennoetastic response 
with and without exposure to the sample mate- 
rial. 



PatentanspruGhe 

1. Vorrichtung zum Erfassen einer Variation in einer 
Sondenstruktur(11)i umfassend: 

einen Sensor, umfassend ein Substral (10) und 
mehrere DQnnfiimsondenstrukturen (11), die an 
die Oberfldche des Substrats geheftet sind. wo- 
bei jede Sondenstoiktur dazu ausgeblldet Ist, el- 
ne thermoelastisclie Reai<tion zu erfahren. 
wenn sie durch eine vorubergehend variierende 
elektromagnetische Strahlung erregt wird, wo- 
bei die thermoelastische Reaktion eine Funlctlon 
der physiKaiischen und/oder chemischen Ei- 
genschaften der Sondenstnjlctur und eines dar- 
an gebundenen P robe n materials ist; 
eine Quelle (1 4) elekiromagnetischer Strahlung 
(20): 

ein Mittel (21) zum Lenken der etektromagnetk 
schen Strahlung auf jede Sondenstmktur des 
Sensors; und 

einen Wandler (15), der dazu ausgebiidet ist, 
die thermoelastische Reaktion jeder Sonden- 
stmktur zu bestimmen. 

2. Vorriclitung nach Anspnjch 1 . wobei der Sensor die 
Form einer Plaire aufweist. 

3. Vorrichtung nach AnspnJch 1, wobei das Substral 
(10) elektromagnetisch transparent ist. 
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4. Vorrichtung nach Anspmch 1, wobei das Substrat 
(3 1 ) ais der Wandler (30-34, 40) dient Oder Teil des- 
seiben ist 

5 5. Vonichtung nach Anspruch 1 , wobei das Substrat 
(1 0) eine derartige Dk:ke aufweist. dass es eine aus- 
gezeichnete Stfirke fOr eine einfache Handhabung 
hat und dass es auch ein Hindurohgehen der ge- 
wunschten Menge an etektromagnetischer Strah- 

10 lung (20) erm6gllcht 

6. Vorrichtung nach Anspruch 5, wobei das Substrat 
(10) eine Dicke im Bereich von 0,2 bis 1 ,0 mm auf- 
weist. 

IS 

7. Vorrichtung nach Anspnjch 1 , wobei der Sensor des 
Weiteren mehrere Sondenstmkturen (30) enlhfiit, 
von welchen jede dazu ausgebiidet ist, eine lokali- 
sierte eleWrische Reaktion zu erfahren, wenn die 

^ Sondenstruktur durch eine vorubergehend variie- 
rende elektromagnetische Strahlung (20) erregt 
wird, und einen dementsprechenden elektrischen 
Ausgang (35) zu erzeugen, wobei die Charakteristi- 
ka der elektrischen Reaktion eine Funktlon der phy- 

^ sikalischen Oder chemischen Eigenschaften der 
Sondenstruktur und einer daran gebundenen Probe 
let, und 

einen Wandler (30-34, 40) zum Obertragen dereiek* 
trischen Reaktion. 

8. Vom'chtung nach Anspruch 7, wobei verschledene 
Sondenmaterialien (13) an verschiedene Sonden- 
stnikturen gebunden sind. 

35 9. Vonichtung nach Anspruch l . wobei jede Sonden- 
stoiktur (1 1 ) eine Substretf i&che sufweist, an die ein 
Sondenmaterial (13) gebunden ist. 

10. Vorrichtung nach Anspruch 9, wobei das Substrat 
^ (10)elnDQnnfllmlst. 

11. Vorrichtung nach Anspruch 1, wobei die mehreren 
Sondenstmkturen in einem Array gebildet sind. 

45 1 2, Vonichtung nach Anspruch 1 Oder Anspmch 1 1 , wo- 
bei jede Sondenstruktur ein Sondenmaterial (1 3, 16, 
17) umfassl. das sich von jenem auf anderen Son- 
denstmkturen (11) unterscheidet 

so 13. Vorrichtung nach Anspoich 9, wobei das Sonden- 
material (13, 16. 17) MolekOle einer Art umfasst. 

14. Vom'chtung nach Anspmch 9, wobei das Sonden- 
material ein Gemisch aus verschiedenen Molekulen 

55 umfasst. 

15. Vonichtung nach Anspmch 1 , wobei die Oberfliche 
des Substrates (10) eben ist. 



9 



03/18/2010 THU 13:43 [TX/RX NO 6347] 1^1128 



MAR. 18. 20 10 1:56PM (2) -FISH&RICHAR08ON_6175428906 



NO. 3544 P. 129 



17 EP 1 546 682 B1 16 



16. Vorrfchtung nach Anspruch 1 , wobel die Oberfiache 
des Substrates (10) gekrummt ist. 

17. Vonichtung nach Anspruch 1, wobel dia Quelle (14) 
elektromagnetrscher Strahlung eine Strahlung Im 
optischen Abschnitt dds elektromagnetischen Spek^ 
trums ausstrahlt. 

18. Vorrtchtung nach Anspruch 1 Oder Anspruch 17, wo- 
bei die Quelle elektromagnetischdr Strahlung ein La- 
ser (14) ist 

Id. Vonichtung nach Anspruch 1 , wobei die Quelle (14) 
elektromagnetlscher Strahlung so posicioniert ist, 
dass die Strahlung direkt auf das Sondenmaterial 
(13, ia.17)trifft. 

20. Vomchtung nach Anspruch 1 , wobei die Quelle (1 4) 
efektromagnelischer Strahlung so positioniert ist, 
dass sie zunachst durch ein Substrat (1 0) geht, das 
fur die Strahlung transparent ist, bevor sie auf das 
Sondenmaterial (19, 16, 17) triffft. 

21 . Vorrichlung nach Anspmch 1 , wobei die Quelle (14) 
elektromagnetlscher Strahlung vorObergehend vari- 
lerende etektromagnetische Strahlung (20) Im opti- 
schen Spektrum ausstrahlt. 

22. Vorrlchtung nach Anspnjch 21 , wobei das Substrat 
(10) aus einem optlsch transparenten Medium ge- 
bildet ist. und wobei die Quelle (14) elektromagneti- 
scher Strahlung (20) dazu ausgebildet Ist, die elek- 
tromagnetlsche Strahlung Ober das Substrat (10) auf 
eine untere Oberflache der Sondenstruktur (11) zu 
lenken. 

23. Vonichtung nach Anspruch 22, wobei die Sonden* 
strukturen (11) Jeweils dazu ausgebildet sind, die 
elektromagnetlsche Strahlung zu absorbieren, urn 
dadurch eine thermoelastische Reaktlon In der 
Form einer VolumenSnderung innerhalb der Struktur 
zu erzeugen, und wobei der Wandler (1 5) ein Mittel 
zum Erfassen der Volumen&nderung in der Sonden- 
struktur (11) umfasst. 

24. Vorrlchtung nach Anspnjch 23, wobei die Sonden* 
strukturen (11) jeweils einen DQnnfilmmetallpunkt 
umfdssen. 

25. Vornchtung nach Anspruch 23, wobet der Wandler 
ein Mittel (15, 21) zum Empfangen reflektierterelek- 
tromagnetischer Energie von der gewdhlten Son- 
denstruktur umfasst 

26. Vornchtung nach Anspruch 22, wobei die Sonden- 
stmkturen (11) jeweils dazu ausgebildet sind, die 
elektromagnetische Strahlung zu absorbieren, urn 
dadurch eine thermoelastische Reaktlon in Form 



einer lateralen Verschiebung der Struktur zu erzeu- 
gen, und wobei der Wandler (15) ein Mittel zum Er- 
fassen der lateralen Verschiebung der Sondenstruk- 
tur unnfasst. 

6 

27. Vorrlchtung nach Anspruch 26, wobei die Sonden- 
strukturen jeweils einen dieleklrlschen DOnnfilmma- 
terialpunkt umfasssn. 

10 28. Vorrlchtung nach Anspruch i, wobei die Sonden- 
strukturen (1 1) ein Wandlerelement (30-34) zum Er- 
zeugen eines eiaktrischen Ausgangssignals (35) 
umfasssn, das fur eine thermoelastische Reaktlon 
der Sondenstrukturen reprSsentativ ist. 

i$ 

29. Vonichtung nach einem der Anspruche 1 oder 21 
bis 30, wobei das elektromagnetische Erregungs- 
mittel einen l^er (14) umfasst, der dazu ausgebil- 
det ist, ausgewfihite der Sondenstrukturen (11) mit 

20 gepulsten Oder kontinulertlchen elektromagneti- 
schen Strahlungsweiien (20) zu bestrahlen. 

30. Vornchtung nach Anspruch 1. wobei der Wandler 
(15) ein optisches Interferometer (21, 22, 15) zum 
Empfangen eines Referenzstrahls (23c) von einer 
optischen Quelle (22), und eines Interferenzstrahts 
(23b). der von der Sondenstruktur retleklien wird, 
umfasst. 

^ 31. Vonichtung nach Anspruch 1, wobei der Wandler 
(15) einen Transientenrecorder (25) Oder ein digita- 
lislerendes Oszilloskop zum Besttmmen einer Am- 
plituden- und Phasenvariatlon in thermoelastischen 
Reaktionssignalen, die von den Sondenstrukturen 

^ empfangen werden, enthSlt. 

32. Vorrichtung nach Anspruch 1 , wobei die Quelle (1 4) 
etektromagnetischer Strahlung (20) und der Wand- 
ler (1 5) Mittel (21 , 22. 1 5) zum Erfassen einer Ande- 

^0 rung In der Resonanzfrequenz einer ausgewihiten 
Sondenstruktur enthalten. 

33. Vorrichtung nach Anspoich 1 , wobei jede Sonden- 
stnjktur eine Eintrittselektrode (34) enthait. die dazu 
ausgebildet Ist, an einer unteren Oberflfiche des 
Substrates (31) eine Masseverblndung bereitzustek 

len. 

34. Vorrlchtung nach Anspnjch 1 . des Weiteren enthal- 
50 tend ein molekulares Sondenmaterial (i6, 17), das 

an eine exponlerte Oberflache der Sondenstmkiur 
gebunden ist. 

35. Vorrichtung nach Anspruch 1, wobei das Substrat 
55 eine Scheibe umfasst, und des Weiteren enthaltend: 

Antrlebsmittel zum Orehen dsr Scheibe relativ 
zu einer Achse; 
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Schaltbewegungsmittel zum Andem d9r Positi- 
on des elektromagnetischen Erregungsminels 
und des Erfassungsmrttels relativ zu dsr Achse. 

36. Vorrlchtung nach Anspruch 2, wobel das Substrat 
(31) Silica umfas8t. 

37, Vorrichtung nach Anspnjch 2, wobel die Sonden- 
Strukturen jeweils einen DQnnfilmmetallpunKt urn- 
fassen. 

36. Vorrichiung nach Anspruch 2. wobei die Sonden- 
etruKturen jewpils einen dieleldrlschen Dunnfrlm- 
punkt umfassen. 

39. Vorrlchtung nach Anspruch 2, wobei jade Sonden- 
struktur ded Weltereh ein Wandlerelement (30. 40) 
zum Erzeugen eines elektrischen Ausgangseignals 
(35) enthalt. das fur die thermoeladtldche Reaktion 
des Sondenstruktur repr&sentativ ist. 

40. Vorrichiung nach Anspruch 1 . wobei die Sondan- 
strukturen in einer Reihe von im Allgemeinen kreia- 
formlgen odersplralfdrmigen Arrays auf einem kreis- 
fdrmigen Scheibensubetrat angeordnet sind. 

41. Verfahren zur Venvendung eIner Wandlen/omch- 
tung nach eInem der AnsprOche l oder 21 bia 35, 
umfassend die folgenden Schritte: 

Bereltstellen mehrerer Sondenmaieriallen, die 
jewsils an mehrere SondenstruWuren angehef- 
tet sind; 

Aussetzen der Sondenstrukturen einern Pro- 
benmaterial, um eine Bindung des Materials an 
die Oberflache der Sondenstruktur zu ermogll- 
chen; 

Venfl/enden der Quelle (U) elekiromagnetl- 
echer Strahlung (20), um elektromagnetlsche 
Energie zu den SorKlenstrukturen zu lenken; 
und 

Erfassen von Anderungen in der thermoeiastl- 
schen Reaktion jede Sondenstnjktur auf die 
elektromagnettsche Energie» indem deren ther- 
moelastiache Reaktion mit und ohne Belaatung 
mit Probenmaterial verglk)hen wird. 



Revendicatione 

1 . Dlspositlf pour d^tecter une variation dans une struc- 
ture de sonde (11), comprenant : 

un capteur comprenant un autjstrat (10) et une 
plurality de structures de sonde (11)6 films min- 
ces fix^es ^ la surface du substrat, chaquestnjc- 
ture de sonde etant adapt6e pour pr^enter une 
r^onse thermodlasiique lorsqu'elle est excltde 



par un rayonnement ^lectn^magn^tlque varia- 
ble dans le temps, la r^ponse thermo^lasiique 
6tant fonclion des propri6t6s physiques el/ou 
chimlques de la stmcture de sonde et d'un ma- 
s tdriau dchantillon liam d ceile-ci ; 

une source ( 1 4) de rayonnement 6lectromagn6- 
tk^ue (20) ; 

des moyens (21) pour dlriger le rayonnement 
^lectromagn^tique vers chaque structure de 
10 sonde du capteur ; el 

un transducteur (15) adapts pour determiner la 
r^ponse themioilastique de chaque structure 
de sonde. 

IS 2. Dispositif seton (a revendication 1, dans lequel le 
capteur a la forme d'une plaque. 

3. Dispositif selon la revendication 1, dans lequel le 
substrat (10) est 6leclromagn4tiquement transpa- 

20 rent. 

4. Dispositif selon la revendicatton 1, dans lequel le 
substrat (31) agit en tant que transducteur (30 k 34, 
40) cu fait partle de celui-ci. 



2S 



30 



35 



$. Dispositif selon ia revendication 1, dans lequel le 
substrat (10) a une ipalsseur telle qu'ii a une resis- 
tance sufflsame pourfitre manipul6 et qu'ii permettra 
^galement le passage de ta quantity souhaitea de 
rayonnement 6lBcrromagn6tique (20) h travers lui. 

6. Dispositif selon la revendication 5, dans lequel le 
substrat (10) a une ^paisseur dans la plage de 0.2 
h 1,0 mm. 



7, Dispositif selon la revendicatk>n 1, dans lequel ie 
capteur comprend en outre une plurality de structu- 
res de sonde (30). chacune d'eiies 6tam adapts 
pour presenter une r^ponse ^lectrique localls^e lore* 
^0 que la structure de sonde est excit^e par un rayon- 
nement dlectromagn^tlque variable dans le temps 
(20) et pour g6n6rer une rdponse de sortie ^lectrlque 
(35) correspondant k cetul-ci, les caract^nstiques de 
la r^ponse 6lectrlque dtant foncticn des proprl6t6s 

49 physiques ou chimkiues de la structure de sonde et 
d*un matdnau ^hantilton liant k celie-ci. et 

un transducteur (30 k 34, 40) pour transmettre la 
r^ponse ^lectrlque. 

50 a Dispositif selon la revendication 7, dans lequel dif- 

f brents matdriaux de sonde (13) sont li^s k diff^ren- 
tes structures de sonde. 

9. Dispositif selon la revendication 1 , dans lequel cha- 
59 que stmcture de sonde (1 1 ) a une surface de subs- 
trat sur laquelle se trouve le mat^riau de sonde (1 3) 
116. 
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10. Dispositif eelon la revendication 9» dans lequel le 
substrat (1 0) 6st un film mince. 

11. Dispositif selon la revend ication 1, dans lequel la plu- 
rality de structures de sonde est fomi^e en un 
seau. 

12. Dispositif salon la revendication 1 ou la revendication 
11, dans lequel cheque structure de sonde com- 
prend un nnat^riau da sonde ( 1 3, 1 6, 1 7) qui est dlf- 
f^reni de celui present sur tea autres structures de 
sonde (11). 

Id. Disposib'f selon Id revendication 9, dans lequel le ma- 
ty riau de sonde (13, 16, 17) comprend dos molecu- 
les d'un type. 

14. Dispositif selon la revendication 9, dans lequel la ma- 
ty riau de sonde comprend un melange de drffS rentes 

mol6cutes. 

15. Dispositif selon la revendication 1, dans lequel la sur- 
face du substrat (10) est plane. 

16. Dispositif selon la revendication 1, dans lequel la sur- 
face du substrat (10) est incurvye. 

17. Dfsposrtif selon la revendtoatlon 1, dans lequel la 

source (14) de rayonnement yjectromagnytique 
emet un rayonnement dans la partie optique du 
spectre yiectromagnyHque. 

16. Dispositif selon la revendication 1 ou la revendication 
17, dans lequel la source de rayonnement dlectro- 
niagnytlque est un laser (14). 

19. Dispositif selon la revendication 1, dans lequel la 
source (14) de rayonnement yiectromagnytique est 
posltjonnde de sorte que le rayonnement frappe di- 
rectement le mat^riau de sonde (13. 16, 17). 

2Q. Dispositif selon la revendication 1, dans lequel la 
source (14) de rayonnement ^lectromagn^tique est 
positionn^e de sorte qu'il passe d'abord it travers un 
substrat (10) transparent au rayonnement avant de 
f rapper le mat^riau de sonde (13, 16, 17). 

21. Dispositif salon la revendication 1, dans lequel la 
source (14) de rayonnement 6lectromagn6tique (20) 
^met un rayonnement ^lectromagn^ttque variable 
dans le temps dans le spectre optique. 

22. Dispositif selon la revendication 21, dans lequel le 
sutDStrat (10) est r^aiisd ^ partir d'un milieu optique- 
ment transparent, et dans lequel la source (14) de 
rayonnement ^iectromagn^tlque (20) est adapt^e 
pour diriger ledit rayonnement dlectromagn^tique 
vers une surface infdrieure de la structure de sonde 



(11) vlale substrat (10). 

23. Dispositif selon la revendication 22» dans lequel les 
structures de sonde (11) sont adapt^es chacune 

s pour absorber ledit rayonnement 6lectromagn§tique 
pour g6n6rer de ce fait une r^ponse themio^jastlque 
sous la forme d'un changement de volume dans la 
structure, et dans lequel le transducleur (1 5) com- 
prend des moyens pour ditecter ledrt changement 

10 de volume dans ladite structure de sonde (1 1 ). 

24. Dispositif selon la revendication 23, dans lequel les 
structures de sonde (11) comprennent chacune un 
point m6tallique en film mince. 

IS 

25. Dispositif salon la revendication 23. dans lequel le 
transducteur comprend des moyens (15. 21) pour 
recevoir I'dnergie ^lectromagn^tique r^fldchie de ta 
stnjcture de sonde s^iectlonn^e. 

20 

26. Dispositif selon la revendication 22, dans lequel les 
structures de sonde (11) sont adapt^es chacune 
pour absorber ledit rayonnement 6lectromagn6tique 
pour g^n^rer de ce fart une r4ponse thermo^Iastique 

26 50US la forme d'un d^placement lateral de la stmc- 
ture, et dans lequel le transducteur (15) comprend 
des moyens pour d^tecter ledit ddplacement lateral 
ds la stmcture de sonde. 

30 27. Dispositif selon la revendication 26, dans lequei les 
structures de sonde comprennent chacune un point 
de matdriau di^lectrique en film mince. 

20. Dispositif selon la revendication 1. dans lequel les 
35 structures de sonde (1 1 ) comprennent un 4l^ment 
transducteur (30 h 34) pour g^n^rer un signal de 
sortie 6lecirlque (35) repr6sentatif d'une r^ponse 
thermodlastique desdites structures de sonde. 

^ 29. Dispositif selon I'une quelconque des revendications 
1 ou 21 k 30, dans lequel les moyens d'excitation 
^lectromagn^tique comprennent un laser (14) adap- 
ts pour irradler des structures s^lectionn^es panni 
les structures de sonde (11) avec un rayonnemeot 

^5 ilectromagnitique (20) k onde puls^ ou continue. 

30. Dispositif selon la revendication 1 , dans lequel le 
transducteur (15) comprend un interf6rom6tre opti- 
que (21, 22, 15) pour recevoir un faisceau de r^f^- 

$0 rence (23c) d'une sconce optique (22), et un faisceau 
d'interf^rence (23b) r^fiechi par la structure de son- 
de. 

31. Dispositif selon la revendication i, dans lequel )e 
^ transducteur (15) comprend un enregistreur de tran- 

sltoires (25) ou un oeciiloscope k num^risation pour 
d^temiiner une variation d'amplitude et de phase 
des signaux de r^onse thermo^lasttque re9us des 
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structures de sonde. 

32. Dispositif selon la revendication 1. dans lequei la 
source (14) de rayonnement dlectromagn^tique (20) 
et le transducteur (IS) comprennent des moyens 
(21, 22, 15) pour d^tectdr une variation de la fre- 
quence de resonance d'une structure de sonde s^ 
lectionn^e. 

33k Dispositif selon la revendication 1 , dans lequei cha- 
que stmctu re de sonde comprend una Electrode (34) 
rentrante adapt^e pour fournir un plan de masse k 
une surface inf^rieure du substrat (31). 



10 



exposer les structures de sonde h un mat^riau 
^hantillon pour permettre la liaison du matdriau 
k la surface de la structure de sonde ; 
utiliser la source (14) de rayonnement dlectro- 
magn^tlque (20) pour dinger une dnergie ^ec- 
tromagn6iique vei^ les stnjctures de sonde ; et 
d^tecter des variations de la r^por^e thermos- 
lastique de cheque stmcture de sonde h Tdner- 
gie ^iectromagnitique en comparant ses r6pon- 
ses thermo^iastiques avec et sans exposition 
au mat^riau ^chantlllon. 



34. Dispositif selon la revendication 1, comprenant en 
outre un mat^riau de sonde (16, 17) mot^uiaire lid 
k une surface exposde de la stnicture de sonde. 



16 



35. Disposttir selon la revendication 1 , dans lequei le 
substrat comprend un disque, et comprenant en 
outre : 



20 



des moyens d'entraTnement pour faire toumer 
(edit disque par rapport h un axe ; 
des moyens d'indexage pour fairs varier la po- 
sition desdits moyens d'excitation 6lectroma- 
gn^tique et desdits moyens de detection par 
rapport audit axe. 



25 



36. Dispositif selon la revendication 2, dans lequei le 
substrat (31) comprend de la sllice. 



37. Dispositif selon la, revendication 2, dans lequei les 
structures de sonde comprennent chacune un point 
m^lallique en film mince. 



35 



36. Dispositif selon la revendication 2, dans lequei les 
structures de sonde comprennent chacune un point 
didlectrique en film mince. 

39. Dispositif selon la revendication 2, dans lequei cha- 
que structure de sonde comprend en outre un 616- 
ment transducteur (30, 40) pour g6n6rer un signal 
de sortie 6iectrique (35) repr6sentatif de la r6ponse 
thermo^lastique de ladite stoicture de sonde. 



40 



45 



40. Dispositif selon la revendication 1 , dans lequei les 
structures de sonde sent agencies en une s6rie de 
r6seauxg6n6ralementcirculatresouh6licoTdauxsur 
un substrat de disque circulaire. 



so 



41. Proc6d6 d'utilisation d'un dispositif de transduction 
selon I'une quelconque des revendications 1 ou 21 
k 35, comprenant les 6tapes consistarn k : 

foumir une plurality de matdriaux de sonde res- 
pectlvement fix^s k une plurality de structures 
de sonde : 
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